Technicolor contribution to lepton + photon + missing energy events at
  the Tevatron by Zerwekh, A. R. et al.
ar
X
iv
:h
ep
-p
h/
07
02
16
7v
2 
 2
8 
Fe
b 
20
07
IFT-P.0xx/2007
Technicolor Contribution to Lepton + Photon + 6E
T
Events at the Tevatron
Alfonso R. Zerwekh∗
Instituto de F´ısica, Facultad de Ciencias, Universidad Austral de Chile, Casilla 567, Valdivia, Chile
Claudio O. Dib†
Department of Physics, Universidad Te´cnica Federico Santa Mar´ıa, Valpara´ıso, Chile
Rogerio Rosenfeld‡
Instituto de F´ısica Teo´rica - Sa˜o Paulo State University,
Rua Pamplona, 145, 01405-900, Sa˜o Paulo, SP, Brazil
(Dated: December 12, 2018)
Events with one lepton, one photon and missing energy are the subject of recent searches at the
Fermilab Tevatron. We compute possible contributions to these types of events from the process
pp¯→ γlνlντ ν¯τ , where l = e, µ in the context of a Low Scale Technicolor Model. We find that with
somewhat tighter cuts than the ones used in the CDF search, it could be possible to either confirm
or exclude this model in a small region of its parameter space.
PACS numbers: 12.60.Nz, 13.85.Qk
The standard model of the electroweak interactions has
been extremely successful in describing all the high en-
ergy accelerator data collected so far [1]. However, there
are several reasons to believe that the standard model is
incomplete, such as the existence of non-baryonic dark
matter and non-zero neutrino masses. Furthermore, the
infamous problems of triviality and naturalness related
to the scalar Higgs sector of the theory point to the
possibility that the standard model is an effective the-
ory valid up to an as yet unknown high energy scale Λ.
Extensions of the standard model such as supersymmet-
ric models, models with extra dimensions (universal or
otherwise) and models with dynamical electroweak sym-
metry breaking (DEWSB) are the main contenders for
describing Nature at energies above Λ. With the start-
ing of the Large Hadron Collider at CERN one will be
hopefully able to figure out in a few years what the com-
pletion of the standard model really is at around the TeV
scale, if there is one.
Meanwhile, the Tevatron is accumulating data at
√
s =
1.96 TeV and it is of foremost importance to place con-
straints on these contenders using what is available now.
In particular, motivated by signatures of new physics be-
yond the standard model, the CDF collaboration has re-
cently performed a search for inclusive events with one
lepton and one photon [2].
In this Brief Report, we will focus on the interesting
channel pp¯→ l+γ+ 6ET , with l = e, µ where a 2.7σ excess
from the standard model prediction was reported earlier
using Run I data [3]. We will compute contributions to
this process from models with DEWSB and find bounds
on this model from recent Run II data.
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Models with DEWSB involve new interactions that be-
come strong near the TeV scale [4]. The first models were
inspired by a scaled-up version of QCD, with a new inter-
action called technicolor (TC) that causes new fermions
in the fundamental representation of an SU(NTC), called
technifermions (T), to condense and break both a global
chiral and the electroweak symmetries [5]. Of the result-
ing Nambu-Goldstone bosons, called technipions (ΠT ),
three are “eaten” by the electroweak gauge bosons, which
gain a longitudinal component and hence a mass term.
No fundamental scalar fields are present. The correct
gauge boson masses are obtained if one requires that the
technipion decay constant FT is fixed at FT = v = 246
GeV. As it happens in QCD, the strong TC interaction
is also responsible for the existence of resonances in the
scattering of technipions. In consonance with the QCD
analogy, the lightest vector resonances are called techni-
rho (ρT ) and techni-omega (ωT ). Naively, they would be
expected to have masses around 4πFT .
These simple models become more baroque when one
considers mechanisms to generate mass for the standard
model fermions. A further interaction called extended
technicolor (ETC), usually modelled via a broken gauged
flavor symmetry, is introduced [6]. The massive ETC
gauge bosons communicate the DEWSB to the stan-
dard model fermions, generating masses of the order of
〈T¯ T 〉/M2ETC . A difficulty immediately arises in the top
sector: a very low ETC scale seems to be required in or-
der to generate a heavy top quark mass. The combination
of a low ETC scale with the large isospin violation nec-
essary to explain the top-bottom mass difference proves
fatal: precision electroweak measurements rule out a sim-
ple QCD-like TC model with a naive ETC mechanism
[7]. However, further developments based on the so-called
walking technicolor (where the TC coupling runs slowly
between METC and FT ) [8], which may or may not in-
voke technifermions in higher representations of the TC
group combined with new precision measurements have
2shown that it is possible to reconcile more sophisticated
models with current experimental data [9] and even pos-
sibly with unification ideas [10]. The walking property
enhances both the standard fermions masses and, more
importantly to this work, the technipion masses.
We will be interested in a variation of the basic tech-
nicolor models with far reaching phenomenological con-
sequences. It concerns the possibility of lowering the TC
scale FT . This class of models, usually called Low Scale
TC (LSTC) models, arise in cases where sectors with
different condensation scales are present [11]. The vector
resonances associated with the lowest scale can be light
and hence accessible at the Tevatron.
The phenomenology of LSTC has been extensively
studied in different machines [4]. In particular, the reso-
nant associated production of a technipion with a gauge
boson via a techni-rho or techni-omega, pp¯ → ρ±T →
W±L Π
0
T and pp¯→ ωT → γΠ0T with the subsequent decay
Π0T → bb¯ was analyzed in detail [12]. The importance
of the radiative decays ρT , ωT → γΠ0T was emphasized
in [13]. We performed a study of the rarer but cleaner
three-photon process pp¯→ ωT , ρ0T → γΠ0T → γγγ [14].
In this Brief Report we will extend the analysis of [14]
to study the process pp¯ → ρ±T → γΠ±T with the subse-
quent decay Π±T → τντ → lνlντ ν¯τ .
For definiteness we will at first adopt a techni-rho mass
in the range MρT = 210 – 300 GeV and fix MΠT = 110
GeV. Hence the main decay modes of the techni-rho are
ρ±T → Π±TΠ0T ,W±Π0T , ZΠ±T and γΠ±T . In particular, the
amplitude for the process that is relevant for us can be
written as [13, 18]
M(ρ±T (q)→ γ(p1)Π±T (p2)) =
(QU +QD)e cosχ
MV
ǫµνλσεµ(q)ε
∗
ν(p1)qλp1σ (1)
where χ is a mixing angle between isospin eigenstates
and mass eigenstates in the technipion sector, QU (QD =
QU − 1) is the charge of the techniquark up and MV is a
typical TC mass scale. We will adopt sinχ = 1/3, QU =
4/3 andMV = 100 and 200 GeV. With these parameters,
the total techni-rho width was calculated using Pythia
[15].
The charged technipion coupling to fermions is propor-
tional to their masses. Moreover, we assume here that
the coupling is also proportional to Cabibbo-Kobayashi-
Maskawa (CKM) mixing angles, which is reasonable if
techniquarks are weak isodoublets. In our case we use
BR(Π±T → τντ ) = 25%, BR(Π±T → cs) = 75% (the de-
cay into bc is CKM suppressed).
The production cross section can be estimated by us-
ing a generalized vector meson dominance argument [16]
where there is a W − ρT mixing or equivalently by diag-
onalization of the W − ρT mass matrix [17]. In both
cases the amplitude involves a mixing constant given
by gW−ρT = M
2
ρT
g/(2gT ), where g is the SU(2)L elec-
troweak gauge coupling and gT is the techni-rho coupling
to two technipions. We will fix gT = 5.3, which arises
from a simple QCD scaling.
As a simple figure of merit, the cross section for
pp¯ → ρ±T → γΠ±T (for MρT = 210 GeV and MV = 200
GeV) with a simple cut in the photon transverse momen-
tum, pT (γ) > 20 GeV, is around 1.4 pb at the Tevatron,
whereas the background pp¯ → γW± cross section with
the same cut is around 5.6 pb. Including the appropri-
ate branching ratios, it follows that the cross section for
pp¯ → γΠ±T → γlνlντ ν¯τ is around 0.12 pb compared to
1.3 pb for pp¯→ γW± → γl+ 6ET .
We implemented LSTC as a CompHEP [19] model us-
ing the diagonalization of the mass-matrix procedure.
We used CompHEP for generating events for pp¯→ ρ±T →
γΠ±T . Subsequently, they were processed by a FOR-
TRAN code we wrote in order to generate the Π±T decay
products. The dominant background from pp¯ → γW±
was generated using the same method. We checked that
the background from W → τντ is small and hence was
not included.
In Fig. 1 we illustrate the photon transverse energy
distribution for the signal and background for pp¯→ γl±+
6ET for the Tevatron with an integrated luminosity of 1
fb−1, where l = e, µ. We choose to show only two values
of the techni-rho mass, namely MρT = 210 and 250 GeV
with TC scale MV = 100 and 200 GeV. We used the
same cuts as in the CDF paper [2], namely |ηl,γ | < 1
and El,γT , 6ET > 25 GeV. The peak in the distribution is
due to the 2-body resonant kinematics of the underlying
process. We immediately notice that an improvement in
the signal-to-background ratio can be gained if a tighter
cut EγT > 50 GeV is imposed.
FIG. 1: Signal for MρT = 210 GeV (dashed line) and
MρT = 250 GeV (solid line) for MV = 100 GeV (left figure)
and MV = 200 GeV (right figure) compared to the SM back-
ground (dotted histogram) for the photon ET distribution
assuming a 1 fb−1 integrated luminosity with cuts described
in the text.
In Fig. 2 we show the distribution of the variable HT ,
defined as the total transverse energy of the event, in-
cluding 6E
T
, for the usual CDF cut EγT > 25 GeV and
for a tighter EγT > 50 GeV cut. Again a tighter cut on
the photon transverse energy results in a better signifi-
3cance of the signal at the expense of a reduced number
of events.
FIG. 2: Signal for MρT = 210 GeV (dashed line) and MρT =
250 GeV (solid line) for MV = 200 GeV compared to the SM
background (dotted line) for the HT distribution assuming
a 1 fb−1 integrated luminosity with cut EγT > 25 GeV (left
figure) and EγT > 50 GeV (right figure).
The significance S can be estimated from a simple
analysis involving the number of signal and background
events in bins i of the HT distribution with a tighter
EγT > 50 GeV, assuming Poisson statistics:
S =
∑
iN
(i)
signal√∑
iN
(i)
back
(2)
and it is shown in Fig. 3 as a function of the techni-
rho mass for MV = 100 and 200 GeV. Notice that the
ρT → ΠTΠT channel is open in most of the technirho
mass range plotted, as we fixed MΠT = 110 GeV (solid
lines). Since there is a rapid drop in the significance due
to the opening of the two-technipion decay channel at
MρT = 220 GeV in this case, we have also studied the
case with a fixed mass difference 2MΠT −MρT = 10 GeV,
in such a way that this channel is always closed (dashed
line). We find that for a TC scale as low as MV = 100
GeV a techni-rho mass below roughly MρT = 250 GeV
is excluded at the 3 σ level. However, for MV = 200
GeV the process is suppressed but a 3 σ could be seen
for MρT < 220 GeV. For the softer CDF cut no signal
would be observed.
In sumary, we studied in this Brief Report the contri-
bution of a Low Scale Technicolor Model to the process
pp¯→ γlνlντ ν¯τ , which falls in the class of events recently
searched for at the Tevatron. We find that with a tighter
cut in the photon transverse energy, it would be possible
to either confirm or exclude this model in a small region
of parameter space.
We would like to stress that our simulations are not
fully realistic since they do not take into account the
characteristics of the detector. However, we expect that
the smearing of the final momenta be small since we have
only photons and leptons in the final states. Our goal in
this study is just to point out that the model adopted
here can in fact contribute to the production of events
with one lepton, one photon and missing energy and
hence should be considered in more detailed experimental
analysis.
Our analysis could be expanded in many ways if one
considers hadronic final states. In particular, the domi-
nant ΠT decay mode in cs¯ may not be hopeless if a charm
tagging can be implemented in the dijet mass distribu-
tion. Also, the case considered here of τ leptons in the
final state, a signature of technicolor models, could be
better explored by using their hadronic decay modes as
well.
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FIG. 3: Significance for the technicolor signal as a function of
MρT for MV = 100 GeV (dots) andMV = 200 GeV (squares)
for fixed MΠT = 110 GeV and for fixed 2MΠT −MρT = 10
GeV for MV = 200 GeV (diamonds).
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